A current view of retinal development that tries to pass through a series of competence states, progresreconcile all of these findings suggests that, as RNECs sively changing their responsiveness to instructive exproliferate and mature, they pass through a series of tracellular cues, which also change over time. 
cells and plated them at clonal density in a defined culture medium in a culture flask coated with poly-L-lysine and laminin. At this stage, RNECs still have the potential to generate rod photoreceptors, amacrine cells, bipolar cells, and Mü ller glia, but most cones, ganglion cells, and horizontal cells have already been generated. Two hours after plating, 65%-70% of the cells were RNECs, as judged by their characteristic flat and dark morphology, extensive lamellapodia, and expression of nestin ( Figures 1A and 1B) . Many of the RNECs proliferated, and, after 7-10 days, had produced clones that varied in size and contained only differentiated cells, as judged by their morphology ( Figure 1C) , lack of nestin staining (data not shown), and inability to incorporate BrdU (data not shown). in clonal-density cultures contained an average of 2.9 tion of clone sizes was very similar in the two types of cultures ( Figure 3C ). By contrast, the distribution of cells per clone, whereas clones in explants contained an average of 3.2 cells per clone. Moreover, the distribuclone sizes that developed from E20-21 RNECs was signals from previously differentiated cells might be required for other cell types to develop within the same The cell type compositions of the clones generated from E16-17 RNECs in clonal-density cultures and in clone. As shown in Table 1 , we found almost all possible combinations of the four expected cell types within explants were also remarkably similar (Figures 3D and  3E) . When analyzed as a proportion of the total number clones. Clones containing only rods, for example, were the most common, suggesting that signals from other of cells assessed in clones, the proportions of rods, bipolars, amacrines, and Mü ller cells were strikingly simcell types were not required for E16-17 RNECs to develop into rods in these cultures. Similarly, we found ilar in the two cases ( Figure 3D ). The proportions of clones containing only rods, or at least one bipolar, clones containing only amacrine cells and rods, only bipolar cells and rods, and only Mü ller cells and rods, one amacrine, or one Mü ller cell, were also remarkably similar in the two cases ( Figure 3E) 
The Expected Differentiated Cell Types Develop in Clonal-Density Cultures

2003). How To help determine if the different cell types develop in
can we reconcile the apparent importance of the orientathe normal sequence in our clonal-density cultures, we tion of cell division for cell fate choice with our present either stained the cultures with cell type-specific markfindings that RNECs seem to diversify normally in clonalers at different times or added bromodeoxyuridine density cultures? To study the orientation of division of (BrdU) to the culture at different times and analyzed the RNECs in such cultures, we used time-lapse video micultures after 7 days. As shown in Figure 3F , we found croscopy. that amacrine cells and rods were the first differentiated RNECs in our dissociated-cell cultures usually divided cells detectable, followed by bipolar and Mü ller cells.
with their mitotic spindle oriented perpendicular to their As expected, cells expressing nestin decreased over long (putative apical-basal) axis ( Figure 4A ). In some time and were mostly gone by 8 days. The proportion cases, however, they rotated their spindle at metaphase of BrdU-positive amacrine cells was greater when BrdU to divide with their spindle oriented parallel to this axis was added at 2 hr than when it was added at 48 hr ( Figure 4B ). Very few cells divided with their spindle in (Figure 3G 
